This study evaluates the impacts of water quality from three different secondary effluents on low pressure membrane fouling. Effluent organic matter (EfOM) has been reported by previous studies as responsible for membrane fouling. However, the contribution of the different components of EfOM to membrane fouling is still not well understood. In order to improve and optimize treatment processes, characterization and quantification of the organic matter are important. The characterization methods used in this study are liquid chromatography coupled with an organic detector (LC-OCD) and excitation emission matrix fluorescence spectroscopy (EEM). A bench-scale hollow fibre membrane system was used to identify the type of fouling depending on the feed water quality. Results showed no measurable dissolved organic carbon removal by the membranes for the three secondary effluents.
INTRODUCTION
EfOM is described as a combination of natural organic matter and soluble microbial products. Organic matter consists of a range of different compounds present in all secondary effluents, from large aliphatic to highly coloured aromatics. Some of this organic matter, consisting of a wide variety of chemical compositions and molecular sizes, is negatively charged (Świetlik et al. 2004) . Also, organic matter present in waters consists of both hydrophilic and hydrophobic components. Soluble microbial products consist mainly of colloids such as proteins, polysaccharides and humic substances of microbial origin derived from biological wastewater treatment (Drewes & Croué ) . This EfOM is still poorly understood in terms of its implications for membrane fouling. In addition, the amount and characteristics of the organic matter depends on climate (temperature, precipitation), environment and urbanization, as well as on the treatment process applied (Delpla et al. ) . A change of water quality presents major challenges to the treatment process. Therefore, it is essential to study the role of EfOM in membrane fouling to achieve understanding of EfOM properties in water reuse. The present study focused on the impact of water quality on membrane fouling in reuse of treated municipal wastewater. The aim of this work was to perform advanced characterization of three effluents generated by wastewater treatment plants with very different designs and operating conditions in order to determine which organic fractions could specifically affect membrane fouling.
Methods used in the characterization included standard methods such as the analysis of dissolved organic carbon (DOC), nitrogen and phosphate concentrations as well as advanced tools such as liquid chromatography coupled with an organic detector (LC-OCD) and excitation emission matrix fluorescence spectroscopy (EEM). A bench-scale hollow fibre membrane system was used to assess the fouling rate depending on the feed water characteristics.
METHODS

Feed water
The experiments were conducted with wastewater effluents collected at three different wastewater treatment plants primarily receiving municipal wastewater. The first was an activated sludge plant (sludge age of 18-20 days) with enhanced biological phosphorus removal (EBPR). The second was a sequential batch reactor with a sludge age of 18 days (SBR). The third was an activated sludge plant performing short sludge age process (10 days) with rudimentary coagulation by dosing with ferric chloride (SSA). The effluents were stored at 4 W C for a maximum of 48 h before analysis. All fouling experiments were conducted at room temperature (23 W C).
Bench-scale filtration unit
UF experiments were performed at bench-scale using tailor- 
Characterization methods
Feed, filtrate and backwash samples from the bench-scale filtration trials were characterized. Samples for standard methods and LC-OCD filtration were pre-filtered through a 0.45 μm filter (PM Separations).
Ammonia (NH 4 þ þ NH 3 ), nitrate (NO 3 À ) and phosphate (PO 4 3À ) were analysed using a Lachat QuickChem8000
Flow Injection Analyser (Lachat Instrument, Milwaukee).
DOC, total nitrogen and total phosphorus were analysed according to standard methods (APHA ).
The organic matter was characterized by an LC-OCD system (DOC-LABOR Dr Huber) equipped with a size exclusion chromatography column HW-50S filled with
Toyopearl resin (pore size of 125 Å). Three detectors were installed in series in the sequence: UV detector (UVD), organic carbon detector (OCD) and organic nitrogen detector (OND). First, the UVD measured the spectral absorption coefficient at 254 nm. Second, the OCD oxidized all organic matter in a thin film UV reactor and the organic carbon present in the sample could therefore be quantified from the CO 2 produced. Finally, the OND completely oxidized organic nitrogen (N org ) into nitrate and measured the amount of nitrate using a UVD at 220 nm.
Three-dimensional EEM data were collected using a luminescence spectrometer (PerkinElmer LS55, USA). In these studies, the EEM spectra were collected with corresponding scanning emission spectra from 280 nm to 500 nm at 5 nm increments by varying the excitation wavelength from 200 nm to 400 nm at 5 nm sampling intervals.
The excitation and emission slits were maintained at 7 nm and the scanning speed was set at 1200 nm/min. A 290 nm emission cut-off filter was used in scanning to elim- 
RESULTS AND DISCUSSION Effluent characterization
Physical-chemical characteristics of the feed water are presented in Table 1 .
The median DOC content across the source types ranged from 5 to 10 mg/L for the EBPR and SBR effluent, 
DOC (mg/L) 4.9 ± 0.5 9.9 ± 2.4 7.7 ± 0.9
N_NO 3 À (mg/L) 0.6 ± 1.6 5.6 ± 1.3 3.8 ± 1.7
Ca (mg/L) 26.4 ± 2.6 22.2 ± 2.4 32.9 ± 7.5 K (mg/L) 15.8 ± 1.9 20.5 ± 2.0 21.4 ± 2.3
Mg (mg/L) 16.1 ± 1.7 9.4 ± 3.0 42.4 ± 11.9
Na (mg/L) 177 ± 27 124 ± 14 188 ± 4
Si (mg/L) 5.2 ± 0.4 7.2 ± 0.6 6.2 ± 0.3
Conductivity (μS/cm) 1500 ± 176 1458 ± 480 - Consequently, more significant irreversible fouling was expected with the effluent from the SBR.
The objective of the first part of the study was achieved with the identification and quantification of the different organic fraction levels in each secondary effluent. The EBPR effluent appeared to have the lowest concentration of BP and HS, which are known to cause fouling, in contrast to the SBR effluent which appeared to have the most favourable composition to lead to both reversible and irreversible fouling.
Filtration tests
The continuous filtration experiments confirmed the very good quality of the EBPR effluent ( Figure 7 ) with regard to fouling, with a low permeability decrease of 7.1% after n ¼ 11 for EBPR; n ¼ 10 for SBR; n ¼ 6 for SSA. (Table 2) . For the three effluents, no measurable DOC removal was observed between the feed and the filtrate (Table 2) . Prior to DOC analysis, feed samples were passed through a 0.45 μm filter thereby quantifying only dissolved organic carbon.
With the three effluents, the observed fouling was mainly reversible and can be removed after backwash, with a recovery near to 100% in each case (Table 2 ). Flux recovery was slightly higher than 100% for the SBR and the SSA. This unexpected result was likely due to insufficient conditioning of the membrane prior to the filtration test because of the different effectiveness of membrane conditioning at full-and laboratory-scale.
Membrane permeability was also completely recovered by chemical cleaning. Therefore no chemically irreversible fouling was observed on this lab-scale unit under the experimental conditions.
Experiments after successive multi-cycle filtrations showed a more significant flux decline for the SBR as compared to the two other effluents tested. As for the continuous filtration, the decrease of the permeability of the SBR was significant with an average of 40% after 15 min of filtration. This rapid fouling can be explained by pore blocking phenomena as described by Kim et al. () . SBR feed water contained significantly more BP (including proteinlike substances and polysaccharides) and HS which accumulated on the membrane surface forming a cake layer, and the adsorption of small particles in the membrane However, the fouling was reversible after a chemical cleaning.
A comparison of lab-scale/pilot-scale fouling is currently under process and will be able to determine if there is a correlation between lab-scale characterization and full-scale membrane fouling.
